Eight weeks of treatment with rifampin-streptomycin sterilizes Mycobacterium ulcerans infection in mice. Because the bactericidal activity against M. ulcerans of the combination rifampin-moxifloxacin, rifampinclarithromycin, or moxifloxacin-clarithromycin was similar to that of rifampin-streptomycin, these combinations might be considered as alternative, orally administered combined regimens for treatment of Buruli ulcer in humans.
The combination of rifampin (RIF) and streptomycin (STR) is highly effective for treatment of Buruli ulcer (Mycobacterium ulcerans disease) (1, 2, 6; A. Chauty, presented at the 8th Annual World Health Organization Advisory Group Meeting on Buruli Ulcer), but ambulatory treatment requiring daily intramuscular injection of STR for 8 weeks is operationally demanding in most countries where the disease is endemic. To simplify the treatment under field conditions, there is an urgent need to develop effective combined regimens that may be administered orally. We have attempted to identify such regimens in mouse experiments.
The left hind footpad of each of the 310 female BALB/c mice was inoculated subcutaneously with 0.03 ml of a bacterial suspension containing 1.2 ϫ 10 4 CFU of M. ulcerans isolate CU001. The MICs of RIF, STR, and moxifloxacin (MXF) against this isolate were, respectively, 2, 0.5, and 0.25 g/ml on 7H11 agar medium, and that of clarithromycin (CLR) was 0.5 g/ml on Mueller-Hinton agar medium. Seven weeks later, when all mice developed a "lesion index" (4) of 2 (definite inflammatory swelling limited to footpad) or 3 (inflammatory swelling involving the entire inoculated foot), 10 mice were sacrificed for enumeration of CFU in the inoculated footpads to establish the pretreatment (day 0) value. The remaining 300 mice were randomly allocated among 10 groups, including 1 untreated control group and 9 treated groups (Table 1) , and treatment was begun immediately. All antimicrobial agents were given five times weekly by gavage, except STR was injected subcutaneously. Mice were sacrificed at regular intervals. After 8 weeks of treatment, 20 mice each from groups 5 to 8 were held without treatment for an additional 28 weeks to detect relapse of M. ulcerans infection (4). Severity of infection and effectiveness of treatment were assessed by the mean number (log 10 ) of CFU per inoculated footpad (3). To enumerate CFU, tissues of the footpad were removed aseptically at sacrifice and homogenized in Hanks' solution in a final volume of 2 ml. To monitoring relapse during 28 weeks of posttreatment follow-up, footpads were examined weekly to observe the evolution of the lesion index, which was scored from 0 to 5 (4). If there was a rebound of the lesion index to Ն3 after completion of 8 weeks of treatment (4), the affected mouse was immediately sacrificed and the entire volume of undiluted tissue suspension from the footpad was plated on 10 tubes of Löwen-stein-Jensen medium for cultivation of M. ulcerans. At the end of follow-up, all surviving mice were also sacrificed for cultivation by the same technique. Cultures were examined after 90 days of incubation at 30°C. A positive culture indicated relapse of the infection.
After starting treatment, among untreated controls, the inoculated footpads were invariably culture positive, the mean numbers of CFU per footpad were similar to the pretreatment value, and the average lesion index increased progressively, as shown in Table 1 and Fig. 1 . In contrast, all of these parameters declined progressively in all treated groups. After 4 weeks of treatment, the mean numbers of CFU per footpad of all treated groups were significantly smaller than the pretreatment value (P Ͻ 0.01); the mean CFU of mice treated with MXF was similar to that treated with CLR, and the reduction of CFU in mice treated with MXF or CLR was significantly less than that in mice treated with RIF (P Ͻ 0.01). After 8 weeks of treatment, all footpads of mice treated with RIF monotherapy or any of the tested combinations were culture negative, except a single colony was detected in one of 10 footpads from mice treated with MXF-CLR. Although all footpads of mice treated with CLR monotherapy were also culture negative, the dilution of tissue suspension employed to enumerate CFU was different from those in mice treated with RIF monotherapy or any of the tested combinations. In the former group, only 0.1 ml of 1:10-, 1:100-, and 1:1,000-diluted tissue suspensions had been plated, respectively, in triplicate on Löwenstein-Jensen medium, whereas in the latter groups, the entire volume (2 ml) of undiluted tissue suspension was plated on 10 tubes of Löwen-stein-Jensen medium. Therefore, a culture-negative result in the CLR monotherapy group did reveal significant bactericidal activity, but it is unclear whether the treatment had killed all viable organisms. During 28 weeks of posttreatment follow-up, no rebound of lesion index was observed in any mouse that had been treated with 8 weeks of RIF-STR, 4 or 2 weeks of RIF-STR followed by 4 or 6 weeks of RIF-MXF, or 8 weeks of , and 18 surviving mice from these four groups were culture negative. That 7 of 20 mice remained culture positive after 4 weeks of treatment with RIF-STR, whereas all were culture negative after 8 weeks of treatment, with no relapse thereafter, confirmed our earlier findings that 4 weeks of RIF-STR was unable to kill all viable M. ulcerans cells, whereas 8 weeks of treatment sterilized the infection in mice (4).
Although MXF was significantly less bactericidal than STR against M. ulcerans when both drugs were administered as monotherapy (3), in terms of CFU and relapse rate, the bactericidal activity of 8 weeks of treatment with any of the three regimens in which MXF had been partially (groups 6 and 7) or completely substituted (group 8) for the STR component of the combination RIF-STR was identical to that of RIF-STR, indicating that the bactericidal activity of RIF-STR was not compromised by substitution of MXF for STR and confirming that the combination RIF-MXF was as effective as RIF-STR against M. ulcerans in mice (3) . That all footpads were culture negative after 8 weeks of treatment with RIF-CLR suggests that the bactericidal activity of RIF-CLR is indistinguishable from that of RIF-STR or RIF-MXF.
Because the reductions in both the proportion of culturepositive mice and the mean number of CFU per footpad during treatment with RIF-containing combined regimens (groups 5 to 9) were virtually identical with those of RIF monotherapy group (group 2), one may attribute the promising bactericidal activities of the RIF-containing combinations to their RIF component. However, this finding by no means indicates that M. ulcerans infection could be treated with RIF monotherapy, because RIF-resistant mutants of M. ulcerans multiply selectively over the course of RIF monotherapy (5) . The moderate bactericidal activity of MXF or CLR against M. ulcerans may play an important role in preventing the selection of RIFresistant mutants, thus justifying their combination with RIF. We therefore conclude that the combinations RIF-MXF and RIF-CLR may be considered as orally administered alternatives to the combination RIF-STR for treatment of Buruli ulcer in humans.
The results also revealed that the bactericidal activity of the combination MXF-CLR is similar to that of RIF-STR, suggesting that MXF-CLR may be employed as an orally administered combined regimen for treatment of Buruli ulcer among patients who cannot be treated with RIF due to either RIF resistance, a severe hypersensitivity reaction, or a serious adverse event. 
